Extraction of groundwater for onion and other cash crop production has been increasing rapidly during the last two decades in the dry zone areas of Sri Lanka. As a result of overuse, the quantity of available groundwater is gradually declining, while water quality is deteriorating. The deteriorating water quality has a negative impact on agricultural production, especially for crops (such as onions) that are sensitive to increases in salinity levels. This issue is examined with respect to onion production in Sri Lanka. A stochastic frontier production function (SFPF) is used, in which technical efficiency and the determinants of inefficiencies are estimated simultaneously. The results show that farmers are overusing groundwater in their onion cultivation which has resulted in decreasing yields. Factors contributing to inefficiency in production are also identified. The results have important policy implications. 
Introduction
Groundwater is heavily used in agriculture in the absence of adequate surface water for the irrigation of crops, both in developed and developing countries (Morris et al. 2003 ). This situation is no different in Sri Lanka (IWMI 2003) . According to Villholth and Rajasooriyar (2010) more than 90 per cent of the total water requirements are obtained by extracting groundwater in some districts in the country (i.e. Jaffna). Due to a rapid decline in high cost investments in public irrigation during the last two decades (Athukorala 2011) , groundwater has emerged as a cheaper substitute for farmers to meet their requirements. The issue has been exacerbated with the provision of subsidies by respective governments (and to a lesser extent by non-governmental organisations) for the construction of agricultural wells. These are typically used to cultivate 'high value' cash crops which have high levels of water consumption (see, for example, Kikuchi et al. 2003) . These 'high value' cash crops are seasonal crops and farmers cultivate these crops two to three times a year. This implies that the demand for water is also high. Farmers who cannot access groundwater grow fruits such as papaya, banana, mango, guava and pomegranate. Furthermore, some farmers maintain livestock as well. Water requirements to grow fruits and maintain livestock are low compared to the water requirements of growing cash crops.
The rapid expansion of agricultural wells in many parts of the country, including droughtprone regions, has resulted in an increase in the net irrigated area, and an over-extraction of groundwater (Kikuchi et al. 2003) . Many studies (see, for example, Liyanage et al. 2000; IWMI 2003; Kikuchi et al. 2003) have shown that excessive groundwater extraction are likely to impact negatively on overall agricultural production with serious long term effects.
One of the negative impacts mentioned is salinization which can reduce crop yields.
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Technical efficiency (TE) can be defined as obtaining the greatest possible production of goods and services from available resources (Coelli et al. 2005) . In other words, resources are not wasted in the production process. TE implies that natural resources are transformed into goods and services without waste and producers are doing the best job possible of combining resources to produce goods and services. Hence, there is no waste of material inputs. In contrast, technical inefficiency (TI) means that natural resources are not transformed into goods and services without waste and producers are not doing the best job possible of combining resources to produce goods and services. In such a situation there is some waste of material inputs. Typically, groundwater is a common property resource, and in the absence of regulation or poor enforcement of regulation, it is not uncommon for this resource to be overused in agriculture (see, for example, Kuruppuarachchi and Fernando 1999 ). This can decrease farm level technical efficiency in different ways. First, overuse of groundwater can reduce the yields of many crops. This can happen due to several reasons. As there is an optimal level of water that can be absorbed to some cash crops such as onion and chillies, adding water beyond this optimal limit results in reducing their yield. Given the low private cost of using groundwater (cost of operating the pump) farmers do not have an incentive for using this resource at the optimal level. Instead, overuse of groundwater (and other inputs) is frequent given the expectation of higher yields. Furthermore, excessive irrigation depending on soil type can cause waterlogging and salinity and consequently affects on crop yield.
Second, over extracting can reduce groundwater levels leading to increasing well depth. This raises the fixed costs as well as the variable costs to farmers given the need to further deepen wells every two to three years. Third, overusing groundwater for a prolonged period is likely to increase the salinity levels (see, for example, Shortt et al. 2003; Pannell 2009 ). Some cash crops, such as onions (see, for example, Soltanpour and Follett 1995) are highly sensitive to salinity, resulting in reduced yields.
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A major portion of Sri Lanka's existing agricultural wells is located in the dry zone areas where both recharge of groundwater and aquifer replenishing potentials are presently facing severe stress (see, for example, Kikuchi et al. 2003) . This contributes to the already existing precarious situation to the extent that further exploitation of groundwater, without adequate replenishment measures, is likely to result -if not already -in severe socio-economic and environmental predicaments in the regions. This means that increasing the well-depth incurs some private costs (which are probably not large enough to induce changes in water use), and the aggregate impact of individuals pursuing similar practices could expose the dry zone areas to significant social costs through reciprocal negative externalities. While the benefits of irrigation using groundwater have been highlighted in numerous studies (Nagarajah and Gamage 1998; Reddy 2005) , the inefficiencies that arise in overusing groundwater in agriculture have not been adequately examined to date.
This study covers this void in the literature. The primary focus of the study is to investigate the link between groundwater use and farm level technical efficiency (TE). For this purpose, the stochastic frontier production function (SFPF) proposed by Battese and Coelli (1995) has been used, in which technical efficiency as well as the determinants of technical inefficiencies are estimated simultaneously.
Groundwater use and irrigation inefficiency
Most aquifers experience seasonal fluctuations in groundwater levels or show declines at times of drought even when they are not exploited (Athukorala 2011) . During dry period (dry period lasts from May to September in Sri Lanka), water is discharged from underground storage which results in declining groundwater levels (Simmers 1997) . Groundwater levels 6 can only recover during subsequent periods of recharge. However, if groundwater is extracted at rates above the average annual net recharge consistently, then groundwater levels will decline, resulting in borehole yield reduction, increasing pump costs and saline water intrusion (Shiferaw et al. 2008 ). The general shape of the behaviour of this renewable resource is illustrated by Morris et al. (2003) Morris et al (2003) . R = Q : net recharge = natural discharge and abstraction, R < Q : natural discharge or abstraction exceeds net recharge, R = 0 : abstraction in absence of recharge, R > Q : net recharge exceeds natural discharge or abstraction Figure 1 shows that if groundwater extraction is greater than recharge then over a period of time groundwater levels decrease thus increasing pump costs and also increasing salinity. This is shown by R < Q where R and Q stand for natural recharge and natural discharge respectively. Therefore, a balance between the rates of inflows (or recharge), outflows (or discharge) is needed within aquifers in order to manage the resource or for sustainable use and management. This is a situation where R = Q. Other scenarios are also shown in Figure   1 .
Investigating the potential impacts of agricultural water usage requires a sound conceptual model of groundwater flow systems (Athukorala 2011) . This includes sources and locations of natural and induced or imposed recharge and discharge. Quantifying recharge from all sources (through the water cycle and through anthropogenic processes where rainwater and or reclaimed water is routed to the subsurface) is extremely difficult and therefore needs detailed investigation of the relevant issues (see, for example, Simmers 1997) . Determining the total extraction of water for all uses (domestic, agricultural and industrial) is also not easy, but this is necessary in order to maintain the balance between replenishment and extraction (see, for example, De Silva and Ayomi 2004) . Therefore, regular measurement of groundwater levels in places where overuse is suspected is necessary. Long-term declines in groundwater levels are the best indication that heavy groundwater usage is affecting groundwater resources (Athukorala 2011) . However, the most difficult issue facing researchers is the lack of time series data about groundwater levels or changes in levels, because of the high cost of monitoring. This is especially so in developing countries.
According to Khan et al. (2009) overuse of groundwater in agriculture can lead to substantial negative environmental externalities subject to prevailing hydrological and environmental constraints. Khan et al. (2009) also show the possibility of altering flow regimes and the impact on surface and groundwater salinity levels due to over extraction of groundwater.
There are a large number of studies that investigate agricultural groundwater use and longterm salinity problems (see, for example, Hajkowicz and Young 2005; Kijne 2006; Corwin et al. 2007 ). Some studies also show the magnitude of salinity impacts on agricultural land 8 productivity in different irrigated settings (see, for example, Wichelns 1999; Wichelns et al. 2002; Conyers et al. 2008; Khan et al. 2009 ).
It is commonly accepted that salinity concentration in a given area is one of the most common indications of agricultural impact on groundwater quality (see, for example, Howe 2002; Shiferaw et al. 2008 ). As Liyanage et al. (2000) point out the risk of groundwater pollution through salinity depends on the interaction of the salinity loading and the vulnerability of the aquifer. The susceptibility of groundwater to salinization, however, depends on the properties of soil, climatic conditions, location of aquifers and other factors such as frequency of rainfall. These properties determine the ability of water and pollutants to move from the surface to the receptor through the pore spaces and/or the fractures in the aquifer (Howe 2002) . The type of cropping and irrigation application method also influences the risk of pollution (Liyanage et al. 2000) . According to Pannell (2009) and as elaborated by Athukorala (2011) , in the area of irrigation salinity there are two different mechanisms through which salinization can occur. They are:
(1) Irrigation involving application of water brought in from off-site raises the water table.
As it approaches the surface, water is drawn to the surface by capillary action, and evaporated at the surface, leaving salts behind. Even if the groundwater is not very salty, the process of evaporation results in a concentrated layer of salt at the surface, which 9 affects plant growth. This type of salinity concentration is discussed by Khan et al. (2009) .
(2) When irrigation uses groundwater pumped from on-site, the water that is not transpired by plants or evaporated reinfiltrates the soil and eventually re-joins the groundwater which can be pumped again. Each time groundwater goes through the cycle of pumping, evaporation and re-infiltration, this process increases the concentration of salinity in the water. Water that is transpired by plants leaves some accumulated salts within the plants.
These salts would eventually rejoin the groundwater. This situation is possible when the topography is reasonably flat.
These two situations are directly relevant for increasing salinity levels with respect to this paper (see, Figure 2 ). The first situation is possible when farmers receive water brought in from off-site for specific periods (approximately 3 months) each year for their cultivation.
For the rest of the year farmers have to depend on agricultural wells. Since both the selected districts for the study have a reasonably flat topography and farmers pump water on-site, the second situation is possible.
It must be mentioned here that the extent of water contamination, both in terms of occurrences, levels and types, is not well documented in the country. This is because of limited (or in some areas nonexistent) systematic monitoring and reporting of quality and groundwater levels in Sri Lanka. However, previous studies in this field have identified localised problems in using groundwater. A ten year study by the Water Resources Board in Sri Lanka shows that overuse of groundwater is a growing problem in the Jaffna Peninsula. groundwater with respect to onion production which is one of the major crops, cultivate using groundwater in Sri Lanka.
The next section reviews the existing studies that are directly related to the present work.
While summarising and evaluating previous studies, the review shows the relationships between different studies, and how they relate to the present work. It also provides the context for the present research by examining what work has already been undertaken in the field of groundwater extraction for irrigation in agriculture. This includes studies that deal with the costs and benefits of groundwater overexploitation.
Literature review
The economic literature on groundwater extraction dates back to the 1970s. Brown (1974) was one of the earliest to derive an optimum program for managing a common-property natural resource by showing that the rate of growth of the resource stock depends on the level of resource stock, natural growth rate (recharge) and the current rate of extraction. Since then, economists have extensively analysed different aspects of groundwater extraction which include its economic value, setting price, scarcity value, inter-temporal allocation, environmental impacts, property rights issues and pollution of groundwater (see, for example, Gisser and Sanchez 1980; Knapp and Feinerman 1987; Bhatia et al. 1992; Lee and Howitt 1996; Hellegers et al. 2001; Rubio and Casino 2001) . Provencher and Burt (1993) distinguished between efficient groundwater allocation following a myopic strategy and an optimal control strategy. Rubio and Casino (2001) analyzed the costs that arise from private exploitation of groundwater by comparing the socially optimal and the private levels of extraction. In relation to examining the costs and benefits of groundwater overexploitation, Reddy (2005) estimated the costs of groundwater overexploitation and the costs and benefits arising from groundwater replenishing mechanisms for different ecological contexts in India. This study argued that over extraction and the resulting environmental degradation are a direct consequence of policy failure in managing groundwater resources. Diwakara and Chandrakanth (2007) showed that the costs arising from groundwater irrigation in India are due to groundwater overdraft leading to premature well failure and reduced yields. Some other interesting studies in this area include Lee and Howitt (1996) , Fleming and Adams (1997) , Lee (1998) , Peck and Hatton (2003) , Srinivasan and Reddy (2009) .
A few studies have also been conducted on groundwater quantity and quality in agricultural areas in Sri Lanka. One of the pioneering major studies was conducted during the period, 1982/83 by the Department of Geology, University of Peradeniya, Sri Lanka, in which groundwater from 500 dug wells covering all districts in Sri Lanka were examined. This study investigated the total dissolved solids, salinity concentrations, total hardness, nitrate, chloride, fluoride, iron, manganese and a number of other chemical parameter concentration levels in groundwater (Dissanayake and Weerasooriya 1985) . As far back as the 1980s Maheswaran and Mahalingam (1983) found that groundwater quality is affected by intensive 
Theoretical model
Stochastic frontier production function (SFPF) has been used extensively in the past two decades to analyse technical efficiency with modifications to the original models of Aigner et al. (1977) and Meeusen and van den Broeck (1977) . Reviews of some of these models and their applications are provided by Battese (1992) and Bravo-Ureta and Pinherio (1993) . In this study, the SFPF proposed by Battese and Coelli (1995) is used in which the technical efficiency as well as the determinants of inefficiencies are estimated simultaneously.
The general form of the SFPF can be defined by: Accordingly, non-negative random variables U i are assumed in capturing technical inefficiency of resource use. Given the assumptions of the stochastic frontier model (Battese and Coelli 1995) , inferences about the parameters of the model can be based on the maximum likelihood estimators (Aigner et al. 1977) . The parameter γ can be calculated using information of the variance of two error terms (
and which is bounded between zero and one. If the γ equals zero, the difference between the farmers' yield and the efficient yield is entirely due to statistical noise. On the other hand γ =1 indicates that the difference is entirely due to less than efficient use of technology (Coelli 1996) . If and δ is greater than one, this implies that production is more dominated by technical inefficiency. The closer δ is to zero, the more the discrepancy between the observed and frontier output is due to random factors which are beyond the control of the farmer.
14 The technical efficiency of an individual farm is defined in terms of the ratio of the observed output to the corresponding frontier output, conditional on the levels of inputs used by that firm. It is the factor by which the level of production for the firm is less than its stochastic frontier output. Accordingly, the technical efficiency of the i th firm (TE i ) can be estimated as follows:
Technical efficiencies can be predicted by obtaining the ratio of the observed production values to the corresponding estimated frontier values. Accordingly,
is either the maximum likelihood estimator or the corrected Ordinary Least Squares estimator for β. This estimation allows one to obtain estimates for technical efficiencies and inefficiencies for individual farms.
Once the farm level technical inefficiencies are estimated, they can be expressed as a function of factors (Z) believed to affect technical inefficiency as shown below:
where g i is a random variable distributed with mean value of zero and variance The assumption of truncated normal distribution for the U i terms is an approach that was 15 suggested by Stevenson (1980) by generalising the assumption of half-normal distribution. In this study the more flexible truncated normal distribution is used, which allows for a wider range of distributional shapes (Coelli et al. 2005) .
Empirical model of estimation
The empirical model of technical efficiency was based on the SFPF proposed by Battese and Coelli (1995) . In the first phase of the analysis, technical efficiency effects for the data collected from a cross section of onion farmers are modelled in terms of input variables in the production process. In this case the dependent variable in the production model is measured in terms of onion production. Inputs used are categorised into four groups: land, labour, capital and water.
Three main tests were conducted at the beginning of the empirical estimation. First, Frontier 4.1 allows various choices to be made in relation to the model's functional form and inefficiency distribution. In this study, hypothesis tests based on the generalised Likelihood Ratio (LR) test were conducted to select the functional form. The null hypothesis here was that a Cobb-Douglas functional form of production is an adequate representation of the data.
approximately χ 2 ρ distribution with ρ equal to the number of parameters assumed to be zero in the null hypothesis. The LR test shows that the Cobb-Douglas functional form (This is one of the f production functions which is widely used to represent the relationship of an output to inputs in economics) is accepted indicating that the more general form of the translog does not fit this data better. The LR test shows that some unknown combination of the squared and cross product terms in the translog did not improve the fit of the model. Second, the 16 distributional assumptions were tested based on the previously explained likelihood ratio test statistic. The truncated-normal assumption is strongly accepted. Third, the truncated-normal
Cobb-Douglas specification was tested for the existence of a frontier. The test result rejects the null hypothesis (H 0 : 0   and 2 u  = 0) that states no inefficiency exists at the one per cent level using the appropriate tables derived by Kodde and Palm (1986) .
Accordingly the stochastic frontier model to be estimated is defined by:
where ln represent the natural logarithm. The subscript, i, indicates the ith farmer in the sample (i = 1, 2…….., n). 
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Output elasticities with respect to the inputs X i for the Cobb-Douglas production function are obtained by mean differencing all the variables before estimation (Coelli et al. 2005) . In this case rather than using the original input and output data, we estimated the mean values for each variable and obtained the difference between the mean and actual values for the model estimation. This transformation of data is required to interpret elasticities with respect to each variable in the Cobb-Douglas production function. With this, the elasticities for the four inputs represent the coefficients of the direct Cobb-Douglas production function. The returns to scale coefficient, Є, is the sum of the elasticities of the inputs.
The model for the technical inefficiency effects specifies that it is a function of age, education, household size, gender, composition of labour used, age of the agricultural well, whether the water pump used in onion production was hired or not, distance from onion crop to agricultural well, water pumped per month (in hours), depth of the well and farmers' perceptions of salinity concentrations in the water. Farmers use various sizes of pumps for drawing water from agricultural wells. The power of diesel-operated pumps range from 2 to 6 Horse Power (HP), and more than 75 percent of the pumps are of 3 to 4 HP. The price of a pump of this power also varies depending on the brand. It ranges from Rs. 12,000 to 25,000 in this study's sample. It was also found that some farmers are using electric pumps (in places where electricity is available). In such cases the cost of electricity to operate a pump for one season (3 months) is around Rs.3,500.
The variables used in the empirical model can be categorised into three types. The first category includes household characteristics which consist of age, education, household size, gender and labour composition. The second type consists of three variables which are included to examine whether overuse of water has an impact on inefficiency. These include 18 the type of pump, distance from onion crop to an individual farmer's agricultural well and the hours of water pumped per month. The third type includes proxy variables to examine whether or not water quality has an impact on farm level inefficiency. These variables include well depth, age of the well and farmers' perceptions about water quality. The definition of each variable and their expected signs are shown in Table 1 . ii. This variable is created using farmer's perceptions of water quality changes over time. In the survey the farmers were asked whether groundwater extraction has reduced the quality of water in their well over the last five years.
19
Age of the farmer is an important variable used in determining technical inefficiency. It is also a proxy variable for experience as a farmer since farming is the main occupation of most individuals in the study areas. Older farmers are expected to increase efficiency, partly because older farmers have more experience in farming. It is hypothesised that increased formal education, ceteris paribus, is expected to reduce technical inefficiency. Household size is directly related to the availability of labour for farming. Therefore, it is hypothesised that a larger household size reduces inefficiency on the farm. It is expected that male farmers are more efficient than female farmers since it is assumed their ability to undertake various agricultural activities is higher. The expected sign of the labour composition-ratio of hired labour to total labour force can be negative or positive depending on whether the hired labour are more efficient or not.
Age of the agricultural well is expected to have a positive sign since water quality can deteriorate with the age of the well. It is expected that a hired pump can decrease inefficiency. This is because if a farmer owns a pump, there is a higher probability to overuse water for their cultivation which can have a negative impact on yield. If a farmer hires a pump, then his/her cost of pumping water is relatively higher and therefore an incentive to use an optimal inputs combination. Increasing distance to onion crop from agricultural well is expected to have a negative sign since it involves using less water. Number of hours water is pumped is expected to take a positive sign. This is because when the number of hours water pumped increases, the probability of overusing water is also higher as is the inefficiency. The depth of well is expected to have a positive sign. That is, as the depth of well increases, the level of salinity concentration increases. Finally, it is assumed that farmers are the best evaluators (although not scientifically) of their water quality. This is partly because farmers also use the farm well water for drinking purposes where changes in water quality are 20 detected. Therefore, their perception about water quality (i.e. level of salinity) was included.
The empirical inefficiency model is specified below:
Given the functional and distributional assumptions, the maximum-likelihood estimates (MLE) for all parameters of the SFPF and inefficiency models defined in Equations 6 and 7 were simultaneously estimated using the program FRONTIER 4.1 (Coelli 1996) . As discussed in Section Theoretical model above, the TE of a farmer is between 0 and 1 and is inversely related to the level of the technical inefficiency effects (Battese and Coelli 1995) .
The TE is also predicted using the FRONTIER program, which calculates the maximumlikelihood estimator of the predictor for Equation 3 which is based on its conditional expectation, given the observed value of (V i -U i ) (Battese and Coelli 1988) .
Study area and data collection
Rainfall distribution in Sri Lanka has traditionally been categorized into three climatic zones (Seo et al. 2005 ). They are: Wet Zone in the south western region including the central hill country, Dry Zone covering predominantly the northern and eastern parts of the country and Intermediate Zone running between the other two zones (see Figure 2) . The Wet Zone covers the area that receives relatively high mean annual rainfall over 2,500 mm without pronounced dry periods. The Dry Zone is the area that receives a mean annual rainfall of less than 1,750 mm with a distinct dry season from May to September. The Intermediate Zone demarcates the area that receives a mean annual rainfall between 1,750 and 2,500 mm with a short and 21 less prominent dry season. As low temperature is an important climatic factor affecting plant growth in the Wet and Intermediate Zones of Sri Lanka, a sub-division based on the elevation takes into account the temperature limitations in these two climatic regions (Seo et al. 2005 ). Matale district is mainly an agricultural area which is dominated by plantation crops (tea and rubber), cash crops and village home gardens. Most of the land in the district consists mainly of high-grade metamorphic rocks belonging to the highland complex and post tectonic pegmatites (Cooray 1984; Dissanayake 1992) . The major rock types of the area include crystalline limestone, garnet-sillimanite gneiss, charnockitic gneiss and quartzite (Dissanayake 1992 ). This district, being a crystalline basement complex, possesses hydrogeological conditions which are similar to that of many hard rock areas of other tropical regions of the world (Cooray 1984) . The groundwater in this district is currently being used for both domestic use (e.g. drinking) and agricultural irrigation.
The Anuradhapura District which is situated in the dry zone is characterised by the presence of a large number of small reservoir cascades (Kikuchi et al. 2003) . The mean annual rainfall is around 1,200 mm for the district. The area's topography is rolling and undulating with many outcropping rocks (Dissanayake 2005) . Soils are relatively shallow and groundwater is not widely available in this hard rock region (Cooray 1984) . A vast proportion of the area in the district is shallow regolith aquifers on the metamorphic hard rock (Dissanayake 1992 ).
Since shallow regolith aquifers are closely linked with the surface water in streams, canals and reservoirs, the same hydrogeological conditions would determine the use of agricultural wells to a large extent (Kikuchi et al. 2003) . The groundwater in the Anuradhapura district, like in the Matale district, is presently being used for both domestic water use and agricultural irrigation. Water for irrigation is pumped from these agricultural wells. However, the recharge of groundwater from infiltrated rainwater sets the limits for the amount of water that can be extracted annually.
As mentioned earlier the data used for the analysis comes from two surveys that were 
Results and discussion
Tables 2 and 3 provide summary statistics of the field survey data used in the analysis. As shown in Tables 2 and 3 an average onion farm in the Matale district (0.58 hectare) is twice the size of an average onion farm in the Anuradhapura district (0.25 hectare). Average well depth is relatively greater in the Anuradhapura district (7.8 m, 25.6 feet) than in the Matale district (6.3 m, 20.8 feet). In general, well depth is determined by groundwater level in each district. It is notable that the minimum and the maximum depths are both greater in Anuradhapura than in the Matale district sample. However, it is observed that the average fixed cost of digging an agricultural well in the Matale district is higher than in the Anuradhapura district. There are at least two reasons. First, the diameter of an agricultural well is as important as its depth in determining its fixed costs. Enumerators' observations revealed that the diameter of wells in the Matale district sample is relatively larger since the area cultivated per agricultural well is larger than in the Matale district sample. Second, the nature of the well (whether it is permanent or temporary) is a key to changes in the fixed costs. It was found that most of the wells in the Matale district are relatively permanent. In addition, soil types and the dry nature of the area are also important determinants of the fixed costs.
These facts suggest that farmers in the Matale district generally enjoy better groundwater conditions than farmers in the Anuradhapura district. It is also observed that onion farming in ii. The salinity concentration variable only shows the farmers' perceptions of the levels of salinity in the agricultural wells they use for cultivation as well as for drinking purposes. In the survey farmers were asked whether groundwater extraction has reduced the quality of water (increasing the salinity concentration) in the agricultural well. A dummy variable was created using the answer provided to this question.
iii. Farmers use various sizes of pumps for drawing water from agricultural wells. The power of dieseloperated pumps range from 2 to 6 Horse Power (HP), and more than 75 percent of the pumps are of 3 to 4 HP. ii. The salinity concentration variable only shows the farmers perceptions of the levels of salinity in the agricultural wells they use for cultivation as well as for drinking purposes. In the survey we asked whether groundwater extraction has reduced the quality of water (increasing the salinity concentration) in the agricultural well. A dummy variable was created using the answer provided to this question.
iii. Farmers use various sizes of pumps for drawing water from agricultural wells. The power of dieseloperated pumps range from 2 to 6 Horse Power (HP), and more than 75 percent of the pumps are of 3 to 4 HP. Maximum-likelihood estimates of the stochastic frontier for the two samples are shown in Table 4 . As can be seen, land size, labour used and capital show positive values of 0.362, 0.241 and 0.162 respectively for the Matale district. The coefficients of the same variables for the Anuradhapura farmers are 0.371, 0.216 and 0.106 respectively. All these variables are highly significant, indicating the relative importance of the inputs in onion production. These coefficients represent the output elasticities with respect to each input which lie between 0 and 1. This indicates that allocation and use of these resources are in the 'rational' stage of the production process where output is still increasing at a decreasing rate. Quantity of water used shows negative values of 0.013 and 0.012 for the Matale and Anuradhapura district farmer samples respectively. This variable is significant at one per cent level for both districts and implies that a one per cent increase in the quantity of water used would result in a reduction of total farm revenue by 1.2 and 1.3 per cent respectively. There are several reasons for this. First, overuse of any input relative to other inputs can result in a negative coefficient value. In other words it implies overusing an input or inputs. Given land and capital constrains, it is possible that farmers overuse water in their cultivation. Second, it is evident that the farmers are using a resource with a 'low' opportunity cost to mitigate the risks of crop losses resulting from 'under' watering. Farmers could make use of such inputs as insurance for their crops. The significance of the coefficient of γ at one per cent level suggests the presence of a onesided error component. This means that the effect of technical inefficiency is significant.
Hence the average production function is not an adequate representation of the data. The variance ratio is estimated to be 62.5 and 67.2 per cent, meaning that approximately 62 and 67 per cent of the discrepancies between observed output and the frontier output are due to technical inefficiency for the sample of Matale and Anuradhapura farmers respectively. In other words, the shortfall of observed output from the frontier output is primarily due to factors which are within the control of the onion growers in the sample. In order to investigate the underlining reasons for inefficiency, the variables suspected of causing inefficiency were modelled. The TE difference between farmers could be due to farmspecific or farmer-specific variables (Shehu et al. 2007 ). The sign of the variables in the inefficiency model is important in explaining the observed level of TE of the farmers. A negative sign implies that the variable has the effect of reducing technical inefficiency, while a positive coefficient has the effect of increasing inefficiency. The results of the inefficiency model defined in Equation 7 are presented in Table 5 . Note: i. *, **, *** denote level of significance at 1%, 5 % and 10 % level of significance, respectively ii. A negative sign of the parameters in the inefficiency function means that the relevant variable has a positive effect on technical efficiency, and vice versa.
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The results of the inefficiency model show that all the included variables except labour ratio and distance have the expected signs and are significant. The age coefficient is estimated to be negative, which suggests that increasing age leads to technical efficiency (see, for example, Amos et al. 2004; Ogunyinka and Ajibefun 2004) . A possible explanation could be that experience of farming activities increases as farmers advance in age. This reduces inefficiency in production. The education coefficient is negative and is consistent with the hypothesised expected sign. This indicates that farmers with greater years of formal 32 schooling tend to be more technically efficient. It is evident that more years of formal education can provide the necessary knowledge to understand and adapt to new technologies, which subsequently make it possible to move closer to the frontier.
The predicted coefficient of household size was negative. The negative coefficient is consistent with the hypothesised expected sign and implies that as the number of persons (adults) in a household increases, efficiency also increases. This is because more adult members in a household means that more quality labour would be available for carrying out farming activities on time (e.g. harvesting), thus making the production process more efficient. Gender variable is significant and is consistent with the expected sign in both samples. This implies that males are more efficient than females in farming activities which are often labour intensive. The estimated coefficient of the ratio of hired labour to the total labour was not significant for both districts. This implies that labour type, whether family labour or hired labour, is not an important determinant of farm level inefficiency.
As mentioned previously, three variables are included that examine whether overuse of water has some impacts on efficiency. Of these three variables two are significant and have the expected hypothesised signs. It is clear that if the pump used to draw water is hired, inefficiency is lower for both samples. The main reason is that when farmers hire a pump (which is expensive and has to be returned), they use less water which increases output efficiency. Distance from agricultural well to onion crop is not significant in both samples. This is expected since the average distance is not significant for both samples. However, hours of using pump per month is highly significant for both samples. The positive coefficients of this variable imply that when the hours of pumping water is high, the inefficiency increases. This is further proof of overuse of groundwater for onion production.
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As mentioned earlier three variables are included to test whether water quality has an impact on the efficiency of onion farming. The results show that all coefficients of these variables were significant and support this argument. The 'depth' variable shows that when the depth of the well is greater, inefficiency is also higher. This is expected since the depth of the well has a positive correlation with salinity concentration. The age of the well is another significant variable used in this analysis. Its coefficient shows that when the well age is higher, the inefficiency is also higher which is consistent with the proposed hypothesis. The last variable used in the inefficiency model is farmers' perceptions about the level of salinity in the agricultural well water. This variable is highly significant in both models showing a positive coefficient value. This implies that farmers' who believe that the salinity concentrations in their well water are higher, also experience higher inefficiency. These farms, as expected, therefore, tend to be less efficient in onion production. This is consistent with the hypothesis set out earlier in this study.
This study further investigated the distribution of farmers according to their efficiency levels.
All farmers in the two samples are categorised in Table 6 per cent efficiency level, while the 'worst' practice farmers were found to operate at around 0.18 efficiency level for this sample group. As for Matale farmers, the majority of Anuradhapura farmers in this sample were inefficient indicating that the opportunity to increase efficiency in their farming activities is considerable.
The average efficiency levels for the size of farms were investigated. The main objective of this analysis is to investigate whether there is a direct link between farm level efficiency and farm size. The average estimates of technical efficiencies by farm size clearly show that there is no inefficiency that arises due to the size of farm. The relationship between efficiency levels and the quantity of water used in onion cultivation was also investigated. The results
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show that farmers whose average technical efficiency is greater than 80 per cent is using 34 per cent less water (per hectare) than farmers whose average technical efficiency is less than 40 per cent in the Matale district. In the case of the Anuradhapura sample, farmers who have a level of technical efficiency more than 80 per cent use 31 per cent less water (per hectare) than relatively inefficient (less than 40 per cent efficient) farmers. These results provide further evidence regarding the inefficiencies that exist in the use of groundwater in the study areas.
Summary and key findings
The traditional method of analysing farm level efficiency does not take into account the impacts of overusing certain inputs such as groundwater. The practice of overusing inputs, including water, is common place, both in developed and developing countries. Not many studies have been conducted to show the relationship between resource overuse and farm level inefficiency. This study addresses this void in the literature by investigating the relationship between overuse of groundwater for onion production and its impact on output.
The results provide some evidence to show that groundwater overuse is a factor influencing technical inefficiency in the two selected samples.
According to the analysis, the mean technical efficiency for Matale and Anuradhapura farmers is 0.536 and 0.571 respectively. Estimates of the production function clearly show that as farmers increase the use of water, the more crop yields decrease. This evidence strongly supports the main conclusion that is drawn from this study. That is, given market imperfections (i.e. no price charged for water extraction), farmers overuse groundwater for onion cultivation without being aware of the long term consequences of such use. Both types 37 of variables used to capture the impacts of water quantity as well as quality on yields show that farmers use a low opportunity cost resource (namely water) excessively which results in lower yields. Negative coefficients of water quantity used show that increasing water use in onion production results in decreasing output in the study areas. The inefficiency function further supports the argument that the impacts of overusing groundwater increases the level of farm level inefficiency. This was evident from the six specific variables that were used to test whether water quality as well as quantity has an impact on the efficiency of onion farming.
Significant findings specific to this study are: (1) The results show that there is a need for policy makers to develop formal and informal education programs that will improve farmers' abilities to use water for their cultivation in an 38 efficient manner. The emphasis should be on providing education that will enable farmers to understand the socioeconomic problems that can arise due to overuse of groundwater in the long run. Another approach is to strengthen the capacity of farmers through farmer centred training workshops geared towards improving water use efficiency. This should be done in a collaborative manner involving government departments and non-governmental organisations (NGOs). Government departments may also intensify their extension service programmes by training and deploying qualified extension agents. The agents, in turn, could intensify farmer education on input use, including water. At present the ratio of agricultural extension officers to farmers is low. There is, therefore, a need to motivate and train the existing extension officers to work more effectively in the conservation of agricultural production resources and to also train extra officers in Sri Lanka.
